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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly reliable cold cathode comprising a 
heatproof and XY-addressable substrate and a method of fabricating the same. 
SOLUTION: Cathodic electrodes 2 are interposed between a base plate 1 and gate 
insulation layer 3 made of ceramics material, over which gate electrodes 5 are laid. 
Holes 15 are formed through the gate electrodes 5 and gate insulation layer 3 over the 
cathodic electrodes 2, filled with electron sources 4 formed on the cathodic electrodes 2. 
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CLAIMS 



[Claim(s)] 

[Claim l] Cold cathode characterized by filling up with the electron source which the 
cathode electrode was embedded between the support substrate which consists of a 
ceramic ingredient, and the gate insulating layer, the gate electrode was arranged on 
said gate insulating layer, and the hole which carried out opening on said cathode 
electrode was formed to said gate electrode and said gate insulating layer, and was 
formed in the interior of this hole at said cathode electrode. 

[Claim 2] Cold cathode according to claim 1 characterized by making the gate insulation 
auxiliary layer intervene between said gate electrodes and said gate insulating layers. 
[Claim 3] Cold cathode according to claim 1 or 2 to which said gate insulating layer 
consists of multilayer ceramic ingredients more than two-layer, and the diameter of a 
hole of the gate insulating layer of the maximum upper layer is characterized by being 
formed more greatly than the diameter of a hole of a lower layer gate insulating layer. 
[Claim 4] claim 1 characterized by the part of the pars basilaris ossis occipitalis of said 



hole of said cathode electrode being a concave configuration thru/or 3 - cold cathode 
given in either. 

[Claim 5] claim 1 characterized by preparing the binding ingredient between said 
electron sources and said cathode electrodes, or 4 - cold cathode given in either. 
[Claim 6] claims 1 and 3 which said hole is the micropore in the anodic oxide film of 
aluminum, and are characterized by forming said electron source in this micropore, or 4 
- cold cathode given in either. 

[Claim 7] claims 1, 2, and 5 to which it is characterized by being held by the micropore 
in said anodic oxide film while said electron source projects from said anodic oxide film 
and reaches to near [ said ] the gate electrode, or 6 - cold cathode given in either. 
[Claim 8] claims 1 and 5 characterized by said electron source being the carbon material 
which consists of diamond[ a carbon nanotube, graphite, a diamond, and Hike carbon, 
amorphous carbon, or such mixture thru/or 7 - cold cathode given in either. 
[Claim 9] claim 1 to which said ceramic ingredient is characterized by consisting of 
mixture of an alumina or an alumina, and a silica, or 3 - cold cathode given in either. 
[Claim 10] claims 1 and 4 to which said cathode electrode is characterized by covering, 
or intermingling and constituting metal catalysts, such as nickel, cobalt, and iron, or 5 - 
cold cathode given in either. 

[Claim 11] The manufacture approach of the cold cathode characterized by including the 
process which sticks a gate insulating layer on both sides of a cathode electrode on a 
support substrate, the process which forms a gate electrode on said gate insulating layer, 
the process which forms the hole penetrated on said cathode electrode to a gate 
insulating layer and a gate electrode, and the process which forms an electron source in 
said cathode electrode of the field of said hole. 

[Claim 12] The manufacture approach of the cold cathode according to claim 11 
characterized by including the process which forms an aluminum layer in said gate 
electrode and the cathode electrode of the field of said hole, the process which forms the 
anode plate coat which anodizes said aluminum layer and has micropore, the process 
which removes the barrier layer of said anodic oxidation coatings, and the process which 
forms said electron source in said pore alternatively. 

[Claim 13] claim 11 characterized by including the process which forms a concave 
configuration in the cathode electrode of the field of said hole, and the process which 
forms an electron source in the part of said concave configuration alternatively at the 
process which forms the hole penetrated on said cathode electrode, or 12 - the 
manufacture approach of cold cathode given in either. 

[Claim 14] claim 11 characterized by forming a binding layer on said cathode electrode, 



carrying out melt of this binding layer at the process which sticks a gate insulating 
layer on both sides of a cathode electrode on a support substrate, and including a wrap 
process for the pars basilaris ossis occipitalis of said electron source thru/or 13 - the 
manufacture approach of cold cathode given in either. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the cold cathode which has the 
electron source which consists of a carbon material formed on the ceramic substrate, 
and its manufacture approach. 
[0002] 

[Description of the Prior Art] Big heat energy is given like a cathode-ray tube, and 
thermionic emission is not caused, but research and development of the cold cathode 
which emits a cold electron are briskly performed in both sides of a device side and an 
ingredient side by impressing a heavy current community. In the ingredient side, the 
carbon nanotube (it is hereafter written as CNT suitably) with which the graphite layer 
rolled in the shape of a cylinder became nest-like is discovered (S. 354 Iijima, Nature, 
56.1991), and the application as various electron devices is expected in recent years. 
[0003] For example, as a device using such CNT, the thing of structure as shown in 
drawing 9 is known (refer to JP,10-12124,A). A thing given in this official report has the 
anodic oxide film 102 of an alumina through the aluminum layer 101 on a glass 
substrate 100, into the pore 103 of this anodic oxide film 102, is carrying out selective 
growth of the CNT with a CVD method, and forms the field emission electron source 104 
of a triode configuration. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the field emission electron source of 
a triode configuration as shown in drawing 9 had the problem that the address of the 
electron source 104 could not be carried out by XY matrix. Moreover, there was a 
problem of the growth temperature when carrying out selective growth of the CNT with 
a CVD method being higher than the melting point of aluminum, and giving a damage 
to CNT. 

[0005] Furthermore, since only one was formed into the pore 103 of an anodic oxide film, 



the electron source 104 which consists of CNT also had the problem of connecting with a 
gate electrode too hastily easily between electron sources in existence of dust. This 
invention is made in view of such a problem, and aims at offering the reliable cold 
cathode using the ceramic substrate of high thermal resistance in which XY address is 
possible, and its manufacture approach. 
[0006] 

[Means for Solving the Problem] Cold cathode of this invention is characterized by 
filling up with the electron source which the cathode electrode was embedded between 
the support substrate which consists of a ceramic ingredient, and the gate insulating 
layer, the gate electrode was arranged on said gate insulating layer, and the hole which 
carried out opening on said cathode electrode was formed to said gate electrode and said 
gate insulating layer, and was formed in the interior of this hole at said cathode 
electrode. 

[0007] By making the gate insulation auxiliary layer intervene between said gate 
electrodes and said gate insulating layers, the positive laminated structure of a ceramic 
ingredient and a metallic material is obtained. Moreover, it consists of multilayer 
ceramic ingredients more than said gate insulating layer or two-layer, and the short 
circuit of an electron source and a gate electrode can be prevented by the diameter of a 
hole of the gate insulating layer of the maximum upper layer being formed more greatly 
than the diameter of a hole of a lower layer gate insulating layer. 

[0008] Moreover, the short circuit of an electron source and a gate electrode can be 
prevented because the part of the pars basilaris ossis occipitalis of said hole of said 
cathode electrode is a concave configuration. Moreover, by the binding ingredient being 
prepared between said electron sources and said cathode electrodes, an electron source 
prevents the dust exfoliated and generated and improves a life. 

[0009] Moreover, said hole is the micropore in the anodic oxide film of aluminum, by 
said electron source being formed in this micropore, while a micro -processing process 
becomes unnecessary, an electron source is accumulated into micropore and brightness 
nonuniformity can be reduced. 

[00 10] moreover, cold cathode structure with it — realizable -- moreover, the simple 
manufacture approach - becoming - the manufacture yield and a device life 
improving - ** the cold cathode accumulated with high density has been offered. 
[ simple by being held by the micropore in said anodic oxide film while said electron 
source projects from said anodic oxide film and reaches to near / said / the gate 
electrode ] 

[00 11] Moreover, the cold cathode which is excellent in the proposal of a degree of 



vacuum of operation and ion bombardment-proof nature has been offered because said 
electron source is the carbon material which consists of diamond! a carbon nanotube 
graphite, a diamond, and ]-like carbon, amorphous carbon, or such mixture. 
[0012] Moreover, the cold cathode which does not give a damage to device structure at 
the growth temperature of an electron source has been offered with said ceramic 
ingredient consisting of mixture of an alumina or an alumina, and a silica. Moreover, 
the cold cathode which can grow has been alternatively offered for the electron source 
with it being covered or intermingled and said cathode electrode being constituted in 
metal catalysts, such as nickel, cobalt, and iron. 

[0013] The manufacture approach of the cold cathode of this invention is characterized 
by including the process which sticks a gate insulating layer on both sides of a cathode 
electrode on a support substrate, the process which forms a gate electrode on said gate 
insulating layer, the process which forms the hole penetrated on said cathode electrode 
to a gate insulating layer and a gate electrode, and the process which forms an electron 
source in said cathode electrode of the field of said hole. 

[0014] Moreover, the process which forms an aluminum layer in said gate electrode and 
the cathode electrode of the field of said hole, By including the process which forms the 
anode plate coat which anodizes said aluminum layer and has pore, the process which 
removes the barrier layer of said anodic oxidation coatings, and the process which forms 
said electron source in said pore alternatively By using the anode plate coat of 
aluminum, the formation of a hole diameter which is the pixel which micropore 0.1 
micrometers or less accumulated is attained. 

[0015] Moreover, short circuit prevention of an electron source and a gate electrode is 
attained by forming the cathode electrode of a concave configuration by including the 
process which forms a concave configuration in the cathode electrode of the field of said 
hole, and the process which forms an electron source in the part of said concave 
configuration alternatively. Moreover, adhesion of an electron source can be made 
powerful by forming a binding layer on said cathode electrode, carrying out melt of this 
binding layer, and including a wrap process for the pars basilaris ossis occipitalis of said 
electron source. 
[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this 
invention is explained to a detail, referring to an accompanying drawing. 
Gestalt drawing 1 of the 1st operation is the perspective view of the cold cathode of the 
gestalt of operation of the 1st of the cold cathode of this invention, and drawing 2 is the 
decomposition perspective view of drawing 1 . The cold cathode of the gestalt of this 



operation is the example applied to the field emission display (henceforth FED). Such a 
basic configuration of FED is the same as that of the back light of a cold cathode lamp 
and a liquid crystal device, and a fluorescent indicator tube. That is, a cold cathode lamp 
does not have to carry out the address of the electron emission field (pixel), and is good 
at a plate with simple gate electrode and cathode electrode. Moreover, while the back 
light and FED of a liquid crystal device need to divide and carry out the address of a 
gate electrode and the cathode electrode to Rhine, FED is arranged so that a gate 
electrode and a cathode electrode may be intersected perpendicularly. Furthermore, a 
fluorescent indicator tube arranges the gate electrode and cathode electrode 
corresponding to a segment. The cold cathode of this invention is available to all these 
electron devices. 

[0017] In drawing 1 and drawing 2 the cold cathode A of the gestalt of this operation The 
support substrate 1 which consists of a ceramic ingredient and directs a face shield from 
the tooth-back side of a back plate, While insulating electrically the cathode electrode 2, 
and the cathode electrode 2 and the gate electrode 5 for impressing a 
sequential-scanning electrical potential difference from a scan side driver It has the 
laminated structure which carried out the laminating of the gate insulating layer 3 for 
forming a hole 15, the electron source 4 for carrying out field emission, and the gate 
electrode 5 for impressing the image data for level Rhine from a data side driver one by 
one. 

[0018] The Rhine-like cathode electrode (wiring) 2 is embedded betweien said support 
substrates 1 and gate insulating layers 3. Controlling [ consequently ] the controller 
which controls the drive of FED so that a scan is perpendicularly performed to a scan 
side driver, a scan side driver impresses a sequential- scanning electrical potential 
difference to each Rhine of the cathode electrode 2. 

[0019] On the other hand, the gate electrode 5 is arranged in the shape of Rhine so that 
it may cross with the gate insulating layer 3 on the gate insulating layer 3, and a 
controller impresses the image data for level Rhine outputted to a data side from a 
driver to Rhine of the gate electrode 5. The electron emission field G, i.e., a pixel, is 
established in the location where the cathode electrode of two lines and the gate 
electrode of five lines cross, and the address is carried out on XY matrix. In a pixel, one 
or two holes 15 or more are formed, and the hole 15 consists of 1st hole 15a which is 
opening of the gate electrode 5, and the 2nd hole which penetrates the gate insulating 
layer 3 and reaches the cathode electrode 2 (refer to drawing 2 ). Moreover, the interior 
of a hole 15 is piled up by a large number, and the electron source (array) 4 electrically 
connected with the cathode electrode 2 emits an electron to it by tunneling from the 



electron source 4 by which XY address was carried out. 

[0020] Moreover, it is possible in providing the focusing electrode for converging the 
emission electron in FED of the gestalt of this operation if needed. That is, the 
laminating of the layer insulation layer is carried out on the gate electrode 5, and the 
laminating of the focusing electrode is carried out on the layer insulation layer. At this 
time, a layer insulation layer and a focusing electrode form a desired hole or a desired 
slit according to a device design. 

[0021] Basic actuation of FED of the gestalt of this operation constituted from such a 
laminated structure was checked experimentally. In this experiment, the luminescence 
reinforcement of the fluorescent substance 6 put on the transparent electrode (anode 
electrode) 7 of a face shield as shown in drawing 1 using a DC power supply simple was 
observed. 5 inches and the number of pixels made FED of 320x240 (QVGR) dot as an 
experiment, and the vertical angle checked basic actuation, the cathode electrode 2 - 
grounding - the anode electrode 7 - 5kV impressing - the gate electrode 5 - 20-30 - 
it impressed about V. Field emission of the electron source 4 of the pixel by which XY 
address was carried out with the cathode electrode 2 and the gate electrode 5 was 
carried out, and it made the fluorescent substance on the anode electrode 7 emit light, 
moreover, the gate electrode 5 - the place which impressed the electrical potential 
difference to all (condition of all whites) " an emission current - 5 - 10 mA/cm2 it 
obtains a grade ~ having - luminescence brightness - 10000 cd/m2 It was extent. 
[0022] Next, drawing 3 explains the production process of the cold cathode of the gestalt 
of implementation of the above 1st. First, as shown in drawing 3 (a), the support 
substrate 1, the cathode electrode (wiring) 2, and the gate insulating layer 3 are stuck 
for example, by the electrostatic pasting-up method. 2nd hole 15b of a square shape is 
beforehand formed in the gate insulating layer 3. The ceramic ingredient with which 
the quality of the material of the support substrate 1 and the gate insulating layer 3 has 
the thermal resistance of about 500-800 degrees C is used. As a ceramic ingredient 
which has the thermal resistance of about 500-800 degrees C, the baking object of the 
mixture of an alumina or an alumina, and a silica is used suitably. The cathode 
electrode 2 is Rhine-like and the Rhine width of face and the Rhine pitch are 
determined by the specification of FED. For example, the Rhine pitch of FED 
(monochrome) whose vertical angle is 5 inches and whose number of pixels is 320x240 
dots is about 300 micrometers. The cathode electrode 2 is formed with nickel, cobalt, 
iron, or those alloys. These metal catalysts may be used only for the front face of the 
cathode electrode 2 on the design of wiring resistance of the cathode electrode 2. 
[0023] Next, as shown in drawing 3 (b), the gate electrode 5 is stuck on the gate 



insulating layer 3. As an ingredient of the gate electrode 5, it is the ingredient which can 
be formed in the front face of the cathode electrode 2 alternatively about an electron 
source 4, for example, molybdenum is used. Moreover, it is desirable at this time to 
remove the gate insulating layer [ directly under ] 3 of the gate electrode 5 in part. After 
sticking the support substrate 1, the cathode electrode 2, the gate insulating layer 3, 
and the gate electrode 5, this forms opening of the gate electrode 5, and even if it carries 
out etching removal of the gate insulating layer 3 in part by using the gate electrode 5 
as an etching mask, it can form it. However, the particle size of an alumina may 
influence and it may be ruined. Then, in the gestalt of this operation, the gate insulation 
auxiliary layer 8 in which opening 8a of a larger path than the path of 2nd hole 15b 
which did not form opening of the gate electrode 5 by etching, but was formed by the 
gate insulating layer 3 was formed is stuck on the lower layer of the gate electrode 5. 
Thus, the reason for making upside aperture, i.e., 1st hole, 15a and opening 8a of a hole 
15 larger than the aperture of 1st hole 15b is for short circuit prevention with an 
electron source 4 and the gate electrode 5. 

[0024] Finally, as shown in drawing 3 (c), selective growth of the electron source 4 is 
carried out to the pars basilaris ossis occipitalis of a hole 15. As an electron source 4, 
carbon materials, such as diamond [ a carbon nanotube, graphite, a diamond and Mike 
carbon and amorphous carbon, are desirable in respect of reduction of a degree of 
vacuum of operation, and ion bombardment-proof nature. In the gestalt of this 
operation, selective growth was carried out on the cathode electrode 2 which carried out 
the coat of the nickel. When material gas made growth temperature about 800*900 
degrees C using propylene gas, the carbon nanotube grew up to be a nickel front face, 
and it did not grow on the gate electrode 5. The growth temperature of a carbon 
nanotube can be reduced to about 500-600 degrees C, if plasma assistance is carried out. 
[0025] As mentioned above, after screen-stenciling the cathode electrode 2 to the 
support substrate 1 and depositing the gate insulating layer 3 like the conventional 
panel process, the gate electrode 2 is screen-stenciled and you may make it form a hole 
15 finally with the gestalt of this operation, although cold cathode A was formed by 
sticking the support substrate 1, the cathode electrode 2, the gate insulating layer 3, 
and the gate electrode 5, respectively. 

[0026] In the gestalt of operation of the gestalt 1st of the 2nd operation, although solved 
by forming the gate insulation auxiliary layer 8 which has opening 8a of bigger aperture 
than 2nd hole 15b for short circuit prevention of an electron source 4 and the gate 
electrode 5, in the gestalt of the 2nd operation, it solves by optimizing the configuration 
of the cathode electrode 2 of a hole pars basilaris ossis occipitalis. Hereafter, drawing 4 



explains the manufacture approach of the cold cathode of the gestalt the 2nd operation. 
[0027] First, in drawing 4 (a), the support substrate 1, the cathode electrode 2 which 
processed into concave configuration (it is convex configuration when it sees from gate 
opening 5a) 2a the location which arranges an electron source 4, and the gate insulating 
layer 3 in which the hole 15 was formed are stuck. In addition, the processing approach 
which sets the cathode electrode 2 to concave configuration 2a is performed by the 
means of arbitration, such as anisotropic etching, taper etching, etc. depending on the 
crystal face. 

[0028] Next, in drawing 4 (b), the gate electrode 5 in which gate opening 5a was formed 
is stuck. In addition, like the gestalt of the 1st operation, after sticking the support 
substrate 1, the cathode electrode 2, the gate insulating layer 3, and the gate electrode 5, 
gate opening 5a and a hole 15 may be formed, and the cathode electrode 2 of concave 
configuration 2a may be formed. 

[0029] Finally, as shown in drawing 4 (c), selective growth of the electron source 4 is 
carried out to the pars basilaris ossis occipitalis of a hole 15. Under nickel existence, as 
the gestalt of the 1st operation explained, when a carbon nanotube is grown up with a 
CVD method, a carbon nanotube grows perpendicularly to the field of the cathode 
electrode 2, and the growth terminal point part crosses at the core of a hole 15. In 
addition, if the amount of growth of a carbon nanotube may be controlled, you may 
make it the configuration which does not cross at the core of a hole 15 and it does in this 
way, the short circuit prevention effectiveness of an electron source 4 and the gate 
electrode 5 will improve. 

[0030] Even if it uses techniques, such as the screen-stencil and the deposition of a thin 
film which are used in the conventional panel process, and etching, like the gestalt of 
the 1st operation, manufacture of the cold cathode explained with the gestalt of this 
operation is possible. 

[0031] The gestalt of operation of the gestalt 3rd of the 3rd operation accumulates an 
electron source on the hole which has a 0.1 micrometers - 0.5 micrometers diameter of 
gate opening, accumulates two or more such minute holes, and forms one electron 
emission field (for example, if it is FED pixel). Thus, by accumulating two or more 
minute holes on which the electron source was accumulated, and forming a pixel, 
potential in a hole is made to homogeneity and reduction of the luminescence brightness 
nonuniformity in a pixel is attained. Hereafter, drawing 5 explains the manufacture 
approach of the cold cathode of the gestalt the 2nd operation. 

[0032] First, in drawing 5 (a), the support substrate 1, the cathode electrode 2, the gate 
insulating layer 3, and the gate electrode 5 are stuck. Then, micropore (0.1 micrometers 



- about 0.5 micrometers) is formed by the ion 9 exposure using the ion lithography 
method. When a current silicon semi-conductor process is referred to, by the 
photolithography method, it is a severe field. With the gestalt of this operation, Ar++ is 
accelerated to 2-6MeV, and it is 108-10107cm2. The ion 9 of extent was irradiated. The 
damage layer is formed in the part by which ion irradiation was carried out. 
[0033] Next, in drawing 5 (b), micropore 10 is formed by carrying out wet etching of the 
damage layer formed by the ion lithography method. This micropore 10 penetrated the 
gate electrode 5 and the gate insulating layer 3, even the cathode electrode 2 attained it, 
and that diameter was about 0.2 micrometers. About such an ion lithography method, it 
is indicated by JP,9*544900,A, for example. 

[0034] Finally, in drawing 5 (c), a carbon nanotube is alternatively grown up into 
micropore 10. The outer diameter of the obtained carbon tube is about 30nm, and has 
formed the electron source 4 which consists of about 40-50 carbon nanotubes in the hole 
whose diameter is about 0.2 micrometers. 

[0035] Even if it uses techniques, such as the screen- stencil and the deposition of a thin 
film which are used in the conventional panel process, and etching, like the gestalt of 
the 1st and the 2nd operation, manufacture of the cold cathode explained with the 
gestalt of this operation is possible. 

[0036] The gestalt of operation of gestalt **** 4 of the 4th operation accumulates an 
electron source on the micropore which has a diameter of gate opening 0.1 micrometers 
or less still more detailed than the micropore explained with the gestalt of the 3rd 
operation, accumulates two or more such micropores, and forms one field emission field 
(if it is FED pixel). Thus, two or more micropores on which the electron source was 
accumulated are accumulated, and while enabling reduction of the luminescence 
brightness nonuniformity in a pixel by forming a pixel, ultra-fine processing technology 
is made unnecessary. 

[0037] First, in drawing 6 (a), the cathode electrode 2, the gate insulating layer 3 in 
which 2nd hole 15b was formed, and the gate electrode 5 in which 1st hole 15a was 
formed are stuck on the support substrate 1. When formation of the below-mentioned 
lift off is taken into consideration, in the gestalt of this operation, it is desirable to 
deposit the cathode electrode 2, the gate insulating layer 3, and the gate electrode 5 on 
the support substrate 1, and to form 2nd hole 15b by photolithography and etching. 
Then, the ingredient which can be anodized, the directive powerful deposition approach, 
for example, collimation spatter method, is deposited. In this operation gestalt, it used 
as an ingredient which can anodize the aluminum 11 well known from the former like 
drawing 6 (a). 



[0038] Next, in drawing 6 (b), the aluminum 11 on the gate electrode 5 is removed, and 
if it leaves aluminum only to the interior of 2nd hole 15b and this is anodized, the anodic 
oxide film 12 which consists of aluminas will be formed. In addition, in order to leave 
aluminum only to the interior of such a hole, it is desirable to form a lift-off layer only on 
the gate electrode 5. As a lift-off layer, what is necessary is just the high ingredient of 
etch selectivity like a resist to the gate electrode 5, the gate insulating layer 3, and the 
cathode electrode 2. Anodic oxidation of aluminum is the technique known widely, and 
impressed the electrical potential difference in the sulfuric-acid solution in the gestalt of 
this operation. 

[0039] While the anodic oxide film 12 which consists of aluminas will be formed as 
shown in drawing 6 (b) if aluminum 11 is anodized, micropore 12a is formed. The 
diameter of micropore 12a was about 0.05 micrometers. As for aluminum 11, it is 
desirable to anodize all, anodization and a reverse bias are impressed after anodization, 
and the barrier layer in the case of anodization is removed. 

[0040] Finally, in drawing 6 (c), selective growth of the electron source 4 is carried out 
into micropore 12a. The carbon nanotube was used as an electron source 4 like the 1st, 
the 2nd, and the gestalt of the 3rd operation. When done in this way, about 2-5 carbon 
nanotubes carried out selective growth to micropore 12a with a diameter of about 0.05 
micrometers. 

[0041] According to the manufacture approach of the cold cathode of the gestalt this 
operation, it is possible to make the diameter of micropore 12a detailed to 0.02 
micrometers - about 0.03 micrometers, and it is also possible to form one carbon 
nanotube in one micropore. 

[0042] By preparing the binding layer for making powerful adhesion of the electron 
source formed in the hole, and establishing such structure, the gestalt of operation of 
the gestalt 5th of the 5th operation prevents the dust which an electron source 
exfoliates and generates in a process process and a device actuation process, and the 
manufacture yield of cold cathode and its life improve. 

[0043] First, as shown in drawing 7 (a), the support substrate 1, the cathode electrode 2, 
the binding layer 13, the gate insulating layer 3, and the gate electrode 5 are stuck. It 
does not matter even if it forms Holes 15a and 15b after sticking, even if it sticks the 
layer which formed Holes 15a and 15b beforehand like the gestalt of the 1st - the 3rd 
operation. Moreover, 0.1 micrometers - about 0.5 micrometers micropore may be formed 
by the ion lithography method. 

[0044] The ingredient which states in the case of a vacuum lock and has the melting 
point with a 1 KU temperature of about 400-600 degrees C as a binding layer 13 was 



desirable, and the aluminum whose melting point is about 550 degrees C was used in 
the gestalt of this operation. Moreover, the binding layer 13 is arranged near the 2nd 
hole 15a, and it is protected by the gate insulating layer 3 so that it may not fuse with 
heating in the case of growth of an electron source 4. Like drawing 7 (a), selective 
growth to the cathode electrode 2 top of an electron source 4 was performed with the 
CVD method under nickel existence like the above-mentioned. Next, etching removal of 
the gate insulating-layer 3a near the electron source 4 is carried out, and as shown in 
drawing 7 (b), exposed partial 13a of the binding layer 13 is formed in 2nd hole 15b. 
[0045] Finally, when heating of about 600 degrees C is performed in drawing 7 (c), the 
binding layer 13 fuses, this fusion part 13b flows in in hole 15b, and it is a wrap about 
the pars basilaris ossis occipitalis of an electron source 4. When it does in this way, an 
electron source 4 is strongly fixed in the cathode electrode 2 by fusion part 13b so that 
electronic parts may be fixed with solder. 

[0046] Using the anodic oxide film of aluminum as a binding layer for making powerful 
adhesion of the electron source formed in the hole, the gestalten of operation of the 
gestalt 6th of the 6th operation are simple cold cathode structure and the simple 
manufacture approach, they prevent the dust which an electron source exfoliates and 
generates in a process process and a device actuation process, and the manufacture 
yield of cold cathode and its life improve. 

[0047] First, in drawing 8 (a), like the gestalt of the 4th operation, the cathode electrode 
2, the gate insulating layer 3, and the gate electrode 5 are deposited on the support 
substrate 1, and a hole 15 (1st hole 15a, 2nd hole 15b) is formed by the photolithography 
and etching. Then, aluminum 18 is deposited, the directive powerful deposition 
approach, for example, collimation spatter method. As shown in drawing 8 (a), as for 
this aluminum 18, what has thickness thinner (for example, 5 micrometers or less) than 
the aluminum layer 11 of the gestalt of the 4th operation is used. 

[0048] Next, as shown in drawing 8 (b), it exfoliates and the aluminum 18 on the gate 
electrode 5 is anodized. The thickness of the anodic oxide film (alumina) 19 anodized 
and obtained has desirable 1 micrometer or less, and about 0.05 micrometers micropore 
19a is formed like the gestalt of the 4th operation. Then, anodization and a reverse bias 
are impressed and the barrier layer in the case of anodization is removed. 
[0049] Finally, in drawing 8 (c), selective growth of the electron source 4 is carried out 
into micropore 19a. As for the electron source 4 which grew into micropore 19a, it was 
desirable to have grown up until it reaches near the gate electrode 5, and it grew up it 
about 10 micrometers with the gestalt of this operation. 

[0050] According to the experimental result, the case where one carbon nanotube is 



formed in [ of one ] micropore 19a was the most effective, but when carrying out melt 
(melting) of the anodization non-oxidized aluminum which was explained with the 
gestalt of the 5th operation, sufficient effectiveness was acquired even if two or more 
carbon nanotubes were in one micropore. 
[0051] 

[Effect of the Invention] As mentioned above, since it considered as the laminated 
structure which embedded the cathode electrode between the support substrate which 
consists of a ceramic ingredient, and the gate insulating layer, and prepared the gate 
electrode on the gate insulating layer according to the cold cathode of this invention as 
explained in full detail While formation of a field emission electron source is attained 
without giving a damage to cold cathode structure in an elevated-temperature process 
Since the crossover arrangement of a cathode electrode and the gate electrode was able 
to be carried out in a laminated structure and it was [ the cold cathode in which XY 
address is possible can be constituted, moreover a hole is formed and ] made to carry out 
selective growth of the electron source to the interior It can consider as an electron 
source and the structure of preventing the short circuit of a gate electrode, and the 
dependability of cold cathode can be improved. 

[0052] Moreover, without giving a damage to cold cathode structure in an 
elevated-temperature process, since according to the manufacture approach of the cold 
cathode of this invention a hole is processed into the laminated structure which consists 
of a ceramic ingredient and a metallic material and an electron source is formed in a 
hole, formation of an electron source and the electron source which prevented the short 
circuit of a gate electrode is attained, and manufacture of reliable cold cathode is 
attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the perspective view of the cold cathode of the gestalt of operation of 
the 1st of this invention. 

[Drawing 21 It is the decomposition perspective view of the cold cathode of the gestalt of 
the 1st operation. 

[Drawing 31 It is the process sectional view of the gestalt of the 1st operation. 



[Drawing 4] It is the process sectional view of the gestalt of the 2nd operation. 
[Drawing 5l It is the process sectional view of the gestalt of the 3rd operation. 
[Drawing 61 It is the process sectional view of the gestalt of the 4th operation. 
[Drawing 71 It is the process sectional view of the gestalt of the 5th operation. 
[Drawing 8l It is the process sectional view of the gestalt of the 6th operation. 
[Drawing 91 It is the sectional view of cold cathode using the conventional force 1 
BONNANO tube. 
[Description of Notations] 

1 Support Substrate 

2 Cathode Electrode 

2a Concave configuration 

3 Gate Insulating Layer 

4 Electron Source 

5 Gate Electrode 

8 Gate Insulation Auxiliary Layer 
10, 12a, 19a, micropore 

11 Aluminum Layer 

12 Anodic Oxide Film 

13 Binding Layer 
13b Fusion part 
15 Hole 

15a The 1st hole 
15b The 2nd hole 



